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Abstract

Many residential hazards are disproportionately concentrated in older, urban dwellings and share common underlying causes,

such as uncorrected moisture problems and inadequate maintenance and cleaning. Comprehensive and affordable approaches to

remediation are needed, but the feasibility and efficacy of such approaches has not been well documented. To address this gap, a

multihazard, multimethod intervention, addressing deteriorated lead-based paint and lead dust, vermin, mold, and safety hazards

was pilot-tested in a sample of 70 pre-1940 dwellings. Dwellings received paint stabilization, dust lead cleaning, integrated pest

management (IPM), mold cleaning, and safety devices, as needed. The median remediation cost for labor and materials was $864.66

(range: $120.00–5235.33) per dwelling. Environmental conditions were evaluated prior to, immediately following, and an average of

5 months after remediation. Between the baseline and 5-month follow-up periods, significant reductions were achieved in the

number of dwellings with multiple (i.e., three or four) problems (75% vs. 23%, Po0:0001); high levels of dust lead on floors and

window sills (67% and 46% declines, Po0:01); evidence of cockroaches or rodents (43% and 36% declines, Po0:01); and fire,

electrical and/or fall hazards (between 67% and 88% declines, Po0:01). Significant reductions were also observed in the geometric

mean (GM) dust lead levels on floors and window sills (13.3 vs. 5.0 mg/ft2 and 210.6 vs. 81.0mg/ft2, respectively, Po0:0001) and
Blatella germanica (Bla g1) levels among dwellings with elevated baseline levels (7.7 vs. 0.09U/g, Po0:0001). Reductions in mold

dust levels were of borderline statistical significance (50% decline, P ¼ 0:07). The greatest declines in dust lead and Bla g1 levels

occurred in dwellings having the highest baseline levels and, for Bla g1, in dwellings in which occupants attended training sessions.

These results indicate that a comprehensive approach to hazard remediation can be highly effective and cost efficient and that

overall improvements can be maintained. Further research is needed to clarify the most effective sampling strategies, educational

and behavioral interventions, and optimal intervention frequency.

r 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Numerous residential hazards have been linked with
adverse health outcomes, especially among children.
These include, e.g., lead-based paint hazards with
elevated blood lead levels (Lanphear et al., 2002; Potula
et al., 2001; Reissman et al., 2002); dampness and fungi
(Brunekreef et al., 1989; Dales et al., 1991a, b; Gravesen,
1979; Jacob et al., 2002), cockroaches (Gold et al., 1999;
e front matter r 2005 Elsevier Inc. All rights reserved.
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Litonjua et al., 2001), rodents (Phipatanakul et al.,
2000), and dust mite allergens with asthma and allergy
(Kuehr et al., 1994; Lau et al., 1989; Sporik et al., 1993;
Squillace et al., 1997), and fall, electrical, and fire
hazards with injury and death (Dowd, 1999). Often,
these hazards and their health sequelae are dispropor-
tionately concentrated in deteriorated older urban
housing stock in low-income neighborhoods (Jacobs et
al., 2002; Leaderer et al., 2002; Rauh et al., 2002;
USCDC, 2001) and are found in concert with one
another (e.g., asthma and childhood lead poisoning)
(Environmental Health Watch, 2001; Johnson and
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Sobolewski, 2004). Some traditional ‘‘high-tech’’ ap-
proaches to remediation can be cost-prohibitive for
small, private owners and public housing agencies.
(Aschengrau et al., 1997; Taha et al., 1999; Tohn
et al., 2003). Accordingly, there is growing recognition of
the need for more comprehensive, effective, and afford-
able approaches to residential hazard remediation,
especially in high-risk housing (Krieger and Higgins,
2002; Matte and Jacobs, 2000; USHUD, 1999b).
A comprehensive approach makes logistical and

economic sense. Many home environmental hazards
share common underlying sources. Most notably,
inadequate maintenance and cleaning, water damage,
and excess moisture can amplify the proliferation of
mold, vermin, and peeling paint (Matte and Jacobs,
2000). Such problems might be addressed simulta-
neously by a single intervention (i.e., moisture control
and correction of leaks). Further, adding components to
existing categorical (single-issue) remediation projects
(such as lead paint or vermin) can often be done at
modest cost. This is especially true where infrastructures
for assessment, remediation, and monitoring already
exist (such as governmental lead poisoning prevention
and pest control programs) (USHUD, 1999b). Such an
approach also has the potential to increase the capacity
of government agencies and owners to improve older
housing stock in low-income neighborhoods and there-
by reduce lead paint poisoning, asthma, injury, and
other health conditions related to home environmental
hazards. Yet, historically, the vast majority of research,
prevention programs and funding streams have em-
ployed categorical approaches (Saegert et al., 2003).
Recent investigations have begun to document the

efficacy of more comprehensive approaches that use
single strategies to control multiple hazards and/or
multiple strategies to control single hazards. Examples
include vacuuming to reduce multiple hazards in carpets
(lead dust, dust mite allergens, bacteria, and fungi)
(Roberts et al., 1999); adapting lead dust control
methods to reduce cockroach populations and allergen
levels (Greenberg, 2003); combining traditional extermi-
nation with professional cleaning and education to
reduce cockroach allergen (Arbes et al., 2003); and
providing in-home parent education along with supplies
to reduce safety hazards (Johnson and Coulberson,
1993). Research projects have been accompanied by
programmatic approaches such as employing commu-
nity health workers to assess and reduce exposure to
multiple asthma triggers in the home (Krieger et al.,
2002); and adding an asthma-trigger component to
an existing lead program, addressing both issues with
one intervention, i.e. correcting underlying moisture
(Environmental Health Watch, 2001; Johnson and
Sobolewski, 2004).
Building upon these and other recent efforts, the

present project integrates multihazard (i.e., lead-based
paint, vermin, mold, and safety) and multistrategy (i.e.,
cleaning and hazard control, source/risk factor reduc-
tion; behavior modification, and education) approaches
to low-cost, low-technology remediation of residential
hazards. Participating tenants, landlords, contractors,
and handypeople received training on these hazards and
safe, effective remediation methods. Environmental
conditions were evaluated prior to, immediately follow-
ing, and an average of 5 months after remediation. The
roles of selected housing characteristics and occupant
behaviors were also examined in relation to remediation
effectiveness. The overall purpose of the project was to
determine the effectiveness of remediation on lead-based
paint, vermin, mold, and safety hazard levels.
2. Methods

2.1. Research design

The project was carried out between 2001 and 2003
and consisted of the following components: (1) commu-
nity-based recruitment of owners and tenants; (2)
training of community members about home environ-
mental hazards, remediation, and health effects; (3)
baseline (preintervention) hazard assessment, consisting
of visual observation, occupant interview, and environ-
mental sampling; (4) hazard remediation; (5) postreme-
diation assessment (immediately following remediation);
and (6) follow-up assessment (on average, 5 months
postremediation).

2.2. Sites and sample

The target sample consisted of privately owned
residences in multiple-dwelling structures (containing
X3 dwellings) in Bedford–Stuyvesant, a low-income
community in Brooklyn, New York. A dwelling unit
was deemed eligible if; (1) both an adult tenant and
building owner agreed to participate; (2) a child under
11 years of age resided or spent at least 20 h per week
there; (3) it was free of major structural defects; and (4)
there was no history of a child occupant with lead
poisoning. The sample consisted of 38 multiple-dwelling
residential buildings, from which 70 dwellings met
eligibility criteria (Klitzman et al., 2005).

2.3. Data collection

2.3.1. Visual assessment and interview

A 1–2 h visual assessment and interview with an adult
occupant was conducted in each unit. Information was
gathered on (1) safety hazards in the dwelling (fire,
electrical, and fall hazards); (2) maintenance history
of the building and dwelling unit; (3) interior and
exterior underlying conditions that might contribute to
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household hazards (e.g., water damage/leaks, nearby
construction); and (4) conditions directly associated
with hazards, including peeling paint, presence of
vermin and visible mold. Items included in the visual
assessment tool were adapted from existing instruments
(Kass and Outwater, 2002; New York City Fire
Department, 2000).
Visual assessments were conducted by community

residents, with backgrounds in community organizing
and/or housing, hired by community-based housing
organizations to work on the project. Staff underwent
an intensive 2-week training session on residential
hazards, health effects, remediation methods and data
collection. Assessment results were recorded on a
personal digital assistant, using Pendragon Forms Soft-
ware, version 3.1 (Pendragon Software Corporation,
2002).

2.3.2. Environmental sampling

Environmental sampling for lead in deteriorated paint
and lead, cockroach allergen (Blatella germanica or
Bla g1), and mold in dust was conducted by master’s
degree students in environmental and occupational
health sciences, who had undergone training under the
supervision faculty advisory, with certifications in
industrial hygiene and safety. In addition, the Environ-
mental Protection Agency (EPA)—certified lead inspec-
tors, primarily from the New York City Department of
Health Lead Poisoning Prevention Program, sampled
surfaces with deteriorated paint using X-ray fluorescent
(XRF) analyzers to determine lead content.

2.3.3. Lead-based paint hazards

Significantly deteriorated painted surfaces, as defined
by federal standards (USEPA, 2001; USHUD, 1999a),
were tested for lead content using either a NITON XL-
309 or a RMD LPA-1 XRF analyzer, in accordance
with the United States Department of Housing and
Urban Development (HUD) procedures and the applic-
able Performance Characteristic Sheets (USHUD,
1997). Dust wipe samples were collected from floors
and interior window sills in living rooms and bedrooms,
following HUD procedures (USHUD, 1997). In all
living rooms and bedrooms, a minimum area of 1 ft2

from the center of the floor, at least one window sill, an
area of high dust deposition, and the floor under a
window were sampled. Where possible, hard surfaces
were sampled, avoiding carpeted areas. Individually
packaged wipes approved by the American Society for
Testing and Materials (ASTM) were used to collect
samples (ASTM, 2000).

2.3.4. Bla g1 and dust mold allergens

Dust samples were collected from the kitchen room,
living room, and youngest child’s bedroom floor and
analyzed for Bla g1 allergen and mold. Samples were
collected using an open-face 25-mm sampling cassette
with a 0.8-mm mixed cellulose ester filter. The cassette
was attached to a high-volume pump pulling 28.3 L of
air per minute. Sampling was conducted until at least
3mL of material was collected in the cassette. For
floors, sampling times varied from 1 to 5min, with floor
areas ranging from 2 to 8 ft2. Immediately following
sample collection, the sampling area was measured and
recorded. Upon completion, the sampling cassette was
sealed and placed in a zip-lock plastic bag, following
previously established methods (Belanger et al., 2003;
Chew et al., 1998; Rosenstreich et al., 1997). Cockroach
allergen samples were collected in all 70 dwellings. Dust
mold samples were collected in 35 dwellings.

2.4. Laboratory analysis and quality control procedures

Lead dust samples were analyzed by a laboratory
accredited by the American Industrial Hygiene Associa-
tion (AIHA) (AIHA, 2003a). Quality control samples
were submitted at a rate of approximately 1%. Dust
wipes were digested with nitric acid and analyzed using
flame atomic absorption spectrophotometry per EPA
methods 3050B/7420 (Edgell, 1988). The analytical
detection limit was 5 mm. Laboratory results were
reported in micrograms (mg) and recorded as micro-
grams of lead per square foot (mg/ft2). Dust mold
samples were analyzed by an AIHA-accredited environ-
mental microbiology laboratory and reported in colony
formation per gram (CFU/g (AIHA, 2003b)). Cock-
roach allergen samples were sent to a commercial
laboratory and analyzed for Bla g1 using a Monoclonal
antibody test (Pollart et al., 1991). The analytical
detection limit was 0.2 units per gram. Results were
reported in allergen units per gram (U/g).

2.5. Remediation

Results of the baseline assessments, along with
individual remediation plans, were provided to both
the tenant and owner of each dwelling unit. Evaluation
criteria were based on applicable standards or guidelines
(Table 1). As noted under ‘‘Sites and Sample’’ above,
dwellings were selected to be free of major structural
defects. Accordingly, remediation focused on addressing
surface contamination. Property owners were respon-
sible for repairing underlying source conditions (e.g.,
water leaks) prior to remediation. Following remedia-
tion, a thorough inspection was conducted to confirm
that the hazard had been addressed and environmental
sampling was conducted.

2.5.1. Lead-based paint hazard remediation

Lead hazard controls were performed by licensed
contractors, landlords/handy persons, or project staff
trained in lead-safe maintenance. Damaged lead-based
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Table 1

Action levels and remediation methods

Hazard Action levela Remediation methods

Lead Significantly deteriorated paint with lead content

X1.0mg/cm2 b
Safely repair damaged surface

Repaint surface

Wet mop/wipe and HEPA vacuum work area

Safely dispose of contaminated water and materials

Floor lead dust levels X 40mg/ft2 c Wet-mop/wipe and HEPA vacuum or affected area

Windowsill lead dust levels X250mg/ft2 c Wet mop/wipe and HEPA vacuum affected area

Vermin Cockroach allergen levels (Bla g1) X2.0U/g d or Integrated pest management (IPM):

� Deeply clean and HEPA vacuum kitchen

� Seal cracks

� Provide food-storage containers

� Place low-toxicity pesticides (gels/boric acid)

Observed evidence of cockroaches or

Observed evidence of rodents

Mold Visible mold Clean visible mold

Mold spores in dust X1,000,000CFU/ge Repair water-damaged area

IPM

Safety Window guard missing Install window guard

Smoke detector missing Install smoke detector

Fire extinguisher missing Install fire extinguisher

Exposed outlets or exposed or frayed wiring Replace wiring, install power strip, place wiring

correctly, install outlet covers

aRemediation was performed if at least one sample result in the dwelling was found to be at or above the action level.
bUSHUD (1997).
cUSEPA (2001).
dEggleston et al. (1999); Rosenstreich et al. (1997).
eEttinger et al. (2002).
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paint chips were removed and collected in a disposable
plastic bag or container. The area was filled with
spackle, covered with primer/sealant and repainted. It
was then cleaned with a high-efficiency particulate air
(HEPA) vacuum and hard floors were wet-moped. If the
area to be repaired was greater than 2 ft2, all flooring
and furniture in the affected room were covered with
taped disposable cloth or plastic sheeting. After
remediation, the cloth or plastic sheeting was rolled up
onto itself and safely discarded.
In an area where a lead dust hazard was detected, the

entire floor and/or windowsill area was cleaned using a
wet mop. Floors, baseboards, trim, and hard objects
were thoroughly washed with soap and water. All floors,
windowsills, tops of doors, trim, furnishings, beds, and
toys were HEPA vacuumed. Any area that failed to
meet federal clearance standards for dust lead (USEPA,
1997; USHUD, 2004) was made to be smooth and
cleanable and recleaned and retested as necessary until
clearance standards were met.

2.5.2. Mold remediation

Visible mold removal was performed by contractors
or project staff and involved disinfecting and sealing
cracks and crevices in the affected area and replacing
damaged components as necessary. Dwellings found to
have at least one dust mold sample above the action
level received integrated pest management (IPM).
2.5.3. Vermin remediation

IPM was performed by trained project staff. Efforts
were made to engage occupants in the process. Two or
three staff members conducted a deep cleaning and
HEPA vacuuming of the kitchen (or the bathroom in
the rare instance where the unit did not contain a
kitchen). The contents of all cabinets and drawers were
removed and those areas were vacuumed and washed.
All cracks and gaps were sealed. Old or damaged
foodstuffs were disposed of and all opened foodstuffs
were put in sealed containers. Low-toxicity pesticides
such as bait gels and boric acid were placed if
cockroaches or evidence of cockroaches were observed.
Participants were given cleaning supplies and proper
food storage and trash disposal materials for future use
(Kass and Outwater, 2002).

2.5.4. Safety hazard remediation

Missing safety devices such as smoke alarms, fire
extinguishers, fire safety plans, and window guards were
installed by either contractors or project staff. Electrical
hazards were addressed by replacing or reconfiguring
wiring and installing cover plates as appropriate.

2.5.5. Remediation costs

The median costs of labor (based on contractor
and staff time) and materials per dwelling unit were
$398.29 (range: $20.00–3498.49) and $481.98 (range,
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$0.00–1736.84); respectively. (In two dwellings, there
were no expenditures for remediation materials.) The
total median cost of labor and materials was $864.66
(range $120.00–5235.33) per dwelling unit.

2.6. Training and supplies

Owners and tenants representing each dwelling unit
and participating handypersons and contractors were
offered training to increase their knowledge and skills
pertaining to home environmental hazards, safe reme-
diation (for owners, contractors, and handypersons) and
home maintenance (for tenants). Training sessions,
conducted by professionals in the areas of construc-
tion/home repairs, lead poisoning prevention, IPM, and
industrial hygiene, were held at a local community-
based housing organization. Sessions were held after
work hours and on weekends to accommodate partici-
pants’ schedules. An adult occupant representing each
participating dwelling unit was provided with a HEPA
vacuum, food-storage containers, and Simple Green
cleaner. Participants were also instructed in their
proper use.

2.7. Data analysis

Statistical analyses were conducted using the statis-
tical analysis package SAS for Windows, version 8.2
(SAS Institute, 2001). Minimum detection limits were
5 mg/sample for lead dust and 0.2U/g for Bla g1. For
samples below the detection limit, values of one-half the
detection limit (2.5 mg in the case of lead dust and 0.1U/
g in the case of cockroach allergen) were assigned,
following previously established methods (Galke et al.,
2001; Hornung and Reed, 1990). To ensure compar-
ability among dwellings, only samples taken from hard
surfaces were used in the calculation of aggregate floor
lead dust levels. For continuous variables (i.e., lead dust,
cockroach allergen, and dust mold), mean levels were
calculated for each unit. Unit means were log-trans-
formed using the natural log (as data were found to be
highly skewed) and descriptive statistics were generated.
For remediation purposes, a dwelling unit was con-
sidered to contain a particular hazard if at least one
reading in that unit was found to be at or above the
specified action level, even if the dwelling unit mean was
below the action level. For example, dwellings with at
least one floor lead dust sample X40 mg/ft2 were
considered to contain a floor lead dust hazard.
The following factors were evaluated for their possible

influence on remediation effectiveness: baseline hazard
levels; participation in training sessions; HEPA vacuum
usage (as indicated by whether or not participants
reported changing vacuum bags); and occupancy (own-
er- or tenant-occupied). To evaluate the impact of
baseline lead dust levels on remediation effectiveness,
dwellings were categorized according to whether base-
line means were above or below action levels. To
evaluate the impact of baseline Bla g1 levels on
remediation effectiveness, dwellings were categorized
according to whether baseline means were less than 2U/
g, between 2U/g (the proposed allergic sensitization
threshold) and 7.99U/g, and greater than or equal to
8U/g (the proposed asthma morbidity threshold) (Arbes
et al., 2003). T-tests or ANOVAs were used to compare
geometric mean (GM) hazard levels at baseline and
follow-up. To adjust for multiple comparisons, methods
established by Tukey and Bonferroni were employed;
Pearson’s chi square exact test was used to compare the
number of hazards at baseline and 5-month follow-up
(Cody and Smith, 1997; Pagano and Gauvreau, 1993).
3. Results

Participants representing all 70 dwellings completed
the entire project (retention rate ¼ 100%). The numbers
of dwellings containing hazards requiring lead-hazard
control, IPM, visible mold removal, and installation of
safety devices are shown in Table 2.

3.1. The impact of remediation on environmental hazards

Between baseline and follow-up, statistically signifi-
cant reductions were observed in the numbers of
dwellings having elevated levels of lead dust on floors
and window sills (67% and 46% declines, respectively);
evidence of cockroaches and rodents (43% and 36%
declines, respectively); and safety hazards (67% decline
in missing window guards, 85% decline in missing
smoke detectors, 88% decline in missing fire extinguish-
ers, and 78% decline in electrical hazards) (Table 2).
Declines in the numbers of dwellings with elevated
Bla g1 and dust mold levels were not statistically
significant.
Between baseline and follow-up, the proportion of

dwellings having multiple types of hazards (i.e., lead-
based paint, vermin, mold, and/or safety hazards)
declined significantly (Table 3). At baseline assessment,
almost 75% of the dwellings had three or more different
types of hazards, and at follow-up, only 22% had three
or more. Similarly, while only a quarter of the dwellings
began the study with two or fewer hazards, over three-
quarters had two or fewer at the project’s end.
GM levels of lead dust on floors and windowsills

declined significantly between baseline and postremedia-
tion periods (13.3 vs. 2.7, 210.6 vs. 9.8 mg/ft2, respec-
tively) (Po0:0001) and between the baseline and follow-
up periods (13.3 vs. 5.0, 210.6 vs. 81.0 mg/ft2, respec-
tively) (Po0:001) (Table 4). The proportion of dwellings
with elevated levels of lead dust on floors (based on unit
means) at baseline, postremediation, and follow-up were
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Table 2

Prevalence of hazards and conditions by dwelling (n ¼ 70)

Hazard or condition Observation period % change

(baseline�5 month

follow-up)

Mc Nemar

test (S)

Prob4S

Baseline Postremediation 5-month follow-up

Na Na N (present at

baseline and

at follow-

up)b

N (present at

follow up

but not at

baseline)c

N

Deteriorated lead-based paint 49 0 23 N/Ad N/Ad N/Ad N/Ad N/Ad

Elevated levels of lead dust on floors 45 0e 14 1 15 �67% 28.13 o0.0001

Elevated levels of lead dust on

windowsills

28 0 11 4 15 �46% 8.05 0.0046

Elevated levels of Bla g1 allergen 24 18 10 13 23 �4% 0.04 0.8474

Evidence of cockroaches 40 N/Ad 13 10 23 �43% 7.81 0.0052

Evidence of rodents 47 N/Ad 25 5 30 �36% 10.70 0.0011

Visible mold 18 0 7 8 15 �17% 0.47 0.4913

Elevated levels of mold spores in dust 6 3 0 3 3 �50% 1.00 0.3173

Missing window guard 46 0 10 5 15 �67% 23.44 o0.0001

Missing smoke detector 39 0 5 1 6 �85% 31.11 o0.0001

Missing fire extinguisher 50 0 6 0 6 �88% 44.00 o0.0001

Electrical hazard 18 0 1 3 4 �83% 9.80 0.0017

a# of dwellings having X1 sample or reading X the action level at the time of the baseline or postremediation sampling period, respectively.
b# of dwellings having X1 sample or reading X the action level at the time of the baseline and follow-up sampling periods.
c# of dwellings having X1 sample or reading X the action level at the time of the follow-up, but not at baseline sampling period.
dN/A data were not collected.
eOne or more samples in 17 dwellings were found to contain lead dust levels above HUD clearance standards immediately following LBPH remediation. These dwellings were recleaned and

retested until clearance levels were achieved.
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Table 3

Distribution of hazards at baseline and follow-up (n ¼ 70 dwellings)

# of

hazardsa
Baseline N

(%)

5 month

follow-up

N(%)

Pearson

chi square

Prob.

0 0 (0) 5 (7) 42.89 o0.0001

1 3 (4) 24 (34)

2 15 (21) 25 (36)

3 39 (56) 12 (17)

4 13 (19) 4 (6)

aScore is based on the number of unique types of hazards found in

each dwelling. Possible range is from 0 (no hazards present) to 4 (all

four types of hazards present: Lead-paint hazards [peeling LBP or

elevated levels of lead dust on floors or window sills]; vermin [evidence

of cockroaches or rodents or elevated levels of Bla g1 levels]; mold

[visible mold or elevated levels of mold in dust); and safety hazards

(fire, falling or electrical deficiencies)].

Table 4

Lead dust, Bla g1 and mold dust levels in remediated dwellings

Remediation Sample

description

Baselin

Peeling lead-based

paint remediation

Lead dust on

floorsb
N 42

GM 13.3

95% CI 7.7–22.8

Percent dwelling means X40mg/ft2 24

Percent of dwellings with at least one

sample X40mg/ft2
43

Peeling lead-based

paint remediation

Lead dust on

windowsills

N 49

GM 210.6

95% CI 138.1–3

Percent of dwelling means X250mg/
ft2

47

Percent of dwellings with at least one

sample X(250mg/ft2)
57

Integrated pest

management (IPM)

Cockroach

allergen

(Bla g1)

N 55

GM 0.8

95% CI 0.5–1.3

Percent of dwelling means X2U/g 33

Percent of dwelling means X8U/g 17

Percent of dwellings with at least one

sample X2U/g

45

Percent of dwellings with at least one

sample X8U/g

25

Cleaning Mold N 13

GM 433,320

95% CI 168,361

Percent of dwelling means

X1,000,000CFU/g

38

Percent of dwellings with at least one

sample X1,000,000CFU/m3

46

aRemediated dwellings.
bOnly samples taken from hard surfaces are included in the analysis.
cDecreases in the number of dwellings from baseline are due to the instal
dPostremediation GM is significantly lower than baseline GM.
eFollow-up GM is significantly lower than baseline GM.
fFollow-up GM is significantly higher than postremediation GM.
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24%, 0%, and 8%, respectively. For windowsills,
comparable proportions were 47%, 0%, and 19%,
respectively.
There was no appreciable decline in GM Bla g1 levels

immediately following IPM or at the 5-month follow-up
for the sample as a whole. There were significant
declines, however, among dwellings with elevated base-
line levels (X2U/g) (GMs ¼ 7.7, 0.5, and 0.6U/g, at
baseline, postremediation, and follow-up sampling
periods, respectively; Po0:0001). Among these dwell-
ings, the proportion with GM mean levels at or above
2U/g were 100%, 19%, and 29%, respectively, and the
proportions of units with means above 8U/g (the
proposed asthma morbidity threshold) were 50%,
19%, and 29%, respectively (data not shown).
Among dwellings which received remediation for

mold hazards, reductions in dust mold levels were
of borderline statistical significance. GM dust mold
levels at baseline, postremediation, and follow-up were
e Postremediationa Follow up F (Prob)

41c 3814c F ¼ 13:75

(Po0:0001)

2.7d 5.0e

2.0–3.8 3.3–7.5

0 8

0 13

47 48 F ¼ 50:91

(Po0:0001)

9.8d 81.0e,f

21.0 6.8–14.3 48.6–135.2

0 19

0 29

53 53 F ¼ 0:31

(P ¼ 0:7339)

0.7 0.9

0.4-1.1 0.6–1.1

19 28

17 4

29 36

12 6

12 13 F ¼ 2:90

(P ¼ 0:0681)

.1 153,374.5 91,160.8

.8–1,115,254.3 48,795.8–482,084.4 33,259.1–249,865.6

17 15

25 15

lation of carpeting.
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433,320, 153,374, and 91,161C FU/g, respectively
(P ¼ 0:07). The proportions of dwellings with means
above the action level were 10%, 10%, and 7%,
respectively.

3.2. Factors contributing to remediation effectiveness

The previous findings suggest that some forms of
remediation were more successful and better sustained
in certain dwellings than in others. In an attempt to
further explain this finding, we examined several
possible factors including baseline hazard levels; parti-
cipant training; participant use of a HEPA vacuum; and
occupancy (tenant or owner). These analyses were
conducted for lead hazard and cockroach allergen, but
could not be conducted for mold and safety hazards due
to inadequate statistical variability in the data.
As shown in Table 5, lead hazard remediation was

significantly more effective in dwellings with than
without elevated levels of lead dust on floors at baseline
(change in GM ¼ �93.62% vs. �40.68%) (P j T j¼

0:0004). It was also somewhat more effective in dwell-
ings with than without elevated levels of lead dust on
window sills at baseline, although the differences were of
borderline significance (change in GM ¼ �76.76% vs.
�41.33%, respectively) (P j T j¼ 0:0640).
IPM was significantly more effective in dwellings with

than without highly (greater than or equal to 8U/g) and
moderately (between 2 and 7.99U/g) elevated Bla g1
levels at baseline (change in GM ¼ 92.92 and �81.31%
vs. +223.08%, respectively; P j T j o0:001). Among
dwellings having baseline allergen levels below 2U/g, an
increase in GM allergen level at follow-up was observed
(+223.08%), although the overall GM still remained
below the action level. IPM was also significantly more
effective in dwellings in which tenants and/or owners
participated in training (change in GM Bla g1
level ¼ �34.71% vs. +78.85%, respectively; P j T j¼

0:0368). Remediation effectiveness was not related to
participants’ use of the HEPA vacuum (as indicated by a
reported change of vacuum bag) or whether the dwelling
was tenant- or owner-occupied.
4. Discussion

This is one of the few published reports, to date, that
documents the feasibility and effectiveness of a multi-
hazard, multistrategy, community-based, low-cost, low-
technology approach to residential hazard control.
Owners and tenants were supportive of the program,
as evidenced by the complete retention rate. The overall
magnitude and prevalence of some conditions declined
significantly, both immediately following remediation
and over the longer term. The greatest successes were
seen in the areas of lead-based paint and dust,
cockroach allergen (where initially elevated) and safety
hazard controls.
Reductions in specific hazards were comparable to

those observed in previous studies employing similar
multimethod intervention strategies, such as paint
stabilization and cleaning in reducing dust lead levels
on floors and window sills (Ettinger et al., 2002; Farfel
et al., 1994; Farfel and Chisolm, 1991; The National
Center for Healthy Housing, University of Cincinnati
Department of Environmental Health, 2004); profes-
sional cleaning, placement of insecticide bait, and
education in reducing cockroach allergen levels (Arbes
et al., 2003); and installation of safety devices and
education in reducing safety hazards (Johnson and
Coulberson, 1993). In over three-quarters of the dwell-
ings, all samples achieved federal clearance standards
immediately following remediation; postremediation
failures were frequently due to surface condition. These
findings are remarkably consistent with at least one
recent national study (Dixon et al., 2004).
We found that reductions were greatest in dwellings

having the highest baseline levels, a finding that has been
noted for both lead hazards (Ettinger et al., 2002; Yiin
et al., 2004) and cockroach control (Gergen et al., 1999).
The greatest reductions in Bla g1 levels occurred
between the postremediation and follow-up periods.
No measurable reductions occurred between the base-
line and postremediation periods. This may reflect the
fact that sampling was conducted within 1 day of
completing IPM, and some of the interventions (e.g., gel
baits) may not have taken effect immediately.
Our results showed that comprehensive interventions

aimed at primary prevention could be carried out at
modest cost, and certainly several orders of magnitude
below the estimated cost of tertiary interventions
(American Academy of Pediatrics, 2001; Lin et al.,
2004). Although we found no published data on the cost
of one-time, multihazard, multistrategy interventions
with which to compare ours, relevant cost data do exist
for individual hazard remediation strategies. Such costs
can vary widely based on initial dwelling conditions,
extensiveness of the remediation, how often it is
repeated, who performs it, and geographic location.
Still, our costs were comparable to those of other
projects employing similar strategies for lead hazard
reduction (Ettinger et al., 2002) and control of
safety hazards (American Academy of Pediatrics, 2001;
Mallonee, 2000; USHUD, 1999b). Understandably, our
costs were moderately to substantially lower than those
reported for more extensive and/or repeated remedia-
tion efforts for cockroach allergen control (Arbes et al.,
2003) and lead abatement (The National Center for
Healthy Housing, University of Cincinnati Department
of Environmental Health, 2004). It is possible that
our remediations may have achieved a certain economy
of scale by addressing several hazards with one
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Table 5

Remediation effectiveness in relation to environmental and occupant characteristics

Predictor N Baseline GM Follow-up GM Change in GM (95% CI) Statistica P valuea

Lead dust on floors

Baseline mean lead dust level X40 mg/ft2 10 133.8 8.5 �93.6% (�89.0%, �96.3%) T value ¼ �3.88 0.0004

Baseline mean lead dust level o40 mg/ft2 27 6.4 3.8 �40.7% (�38.1%, �72.0%)

Attended training—yes 18 12.3 5.0 �59.7% (�47.0%, �69.3%) T value ¼ 0.39 0.6973

Attended training—no 19 14.2 4.5 �67.9% (�65.1%, �70.6%)

Changed vacuum bags—yes 24 13.8 4.3 �69.3% (�66.7%, �72.2%) T value ¼ 1.38 0.1779

Changed vacuum bags—no 10 14.2 4.9 �49.3% (�5.7%, �72.6%)

Occupant—owner 20 23.9 5.6 �76.4% (�71.3%, �80.7%) T value ¼ 0.65 0.5223

Occupant—tenant 17 7.8 3.9 �49.8% (�46.0%, �53.2%)

Lead dust on window sills

Baseline mean lead dust level X250mg/ft2 23 685.7 159.4 �76.8% (�67.2%, �83.5%) T value ¼ �1.90 0.0640

Baseline mean lead dust level o250mg/ft2 25 74.1 43.5 �41.3% (�32.0%, �55.8%)

Attended training—yes 22 185.8 60.2 �67.6% (�59.4%, �74.2%) T value ¼ �0.64 0.5235

Attended training—no 26 235.3 104.2 �55.7% (�54.1%, �57.3%)

Changed vacuum bags—yes 33 236.4 89.4 �62.9% (�59.3%, �64.9%) T value ¼ 0.19 0.8486

Changed vacuum bags—no 11 224.1 93.7 �58.2% (�49.9%, �65.1%)

Occupant—owner 20 378.3 113.0 �70.1% (�56.8%, �79.4%) T value ¼ �0.98 0.3300

Occupant—tenant 28 135.7 63.9 �52.9% (�51.9%, �54.0%)

Cockroach allergen (Bla g1)

X8U/g(1) mean at baseline 9 14.4 1.0 �92.9% (�87.4%, �96.0%) F value ¼ 36.40 o0.0001

X2U/g, o8U/g(2) mean at baseline 8 4.1 0.8 �81.3% (�66.4%, �89.4%) Significant

differences: (1)

and (3)

o2U/g(3) mean at baseline 36 0.3 0.8 223.1% (213.2%, 233.3%) (2) and (3)

Attended training—yes 27 1.2 0.8 �34.7% (�6.9%, �54.0%) T value ¼ �2.14 0.0368

Attended training—no 26 0.5 0.9 78.9% (40.0%, 136.0%)

Changed vacuum bags—yes 35 0.8 0.7 �2.6% (�28.1%, 30.0%) T value ¼ 1.22 0.2281

Changed vacuum bags—no 16 0.7 1.3 92.7% (14.1%, 228.0%)

Occupant—owner 19 0.9 0.8 �10.9% (35.0%, �41.4%) T value ¼ �0.75 0.4563

Occupant—tenant 34 0.7 0.9 18.9% (09.1%, 55.3%)

aBased on T-test or ANOVA. Dependent variable: natural log (follow-up level)�natural log (baseline level).
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intervention (e.g., the combination of cleaning, repair-
ing, and sealing cracks and crevices and moisture
control to reduce vermin, mold, and lead hazards).
However, there is no way to quantify this from our
study design.
In spite of the overall reductions in the prevalence and

magnitude of hazards and consistency with previous
studies, we found that not all interventions were equally
effective across time, place, remediation strategy, and
hazard type. Further examination of these disparities
illuminates some of the trade offs of our low-cost
approach and limitations in our study design and also
suggests directions for future intervention and research.
In our study, while sampling results generally remained
below baseline levels, some recurrent and new problems
were observed at the time of the follow-up assessment.
This is consistent with a rebound effect noted by others
for lead dust (Galke et al., 2001; The National Center
for Healthy Housing, University of Cincinnati Depart-
ment of Environmental Health, 2004; Tohn et al., 2003)
and cockroach allergen (Eggleston et al., 1999; Gergen
et al., 1999). Possible reasons for rebounding, which
have also been cited by previous authors, include the
use of interim controls rather than full abatement (e.g.,
for LBP hazards) (The National Center for Healthy
Housing, University of Cincinnati Department of
Environmental Health, 2004); dwelling-unit-specific
rather than building-wide remediation (e.g., cockroach
control); and one-time rather than repeated professional
cleaning (Arbes et al., 2003; Eggleston et al., 1999; Tohn
et al., 2003; Wood et al., 2001).
Although our one-time professional interventions

were supplemented by educational and behavioral
strategies (e.g., group training sessions, in-home instruc-
tion on IPM, and provision of HEPA vacuums and
other supplies), the relative efficacy of these strategies
was modest, at best, and our ability to evaluate them
somewhat limited. Like others, we observed a positive
association between attendance at training sessions and
cockroach allergen control (Campbell et al., 1999), but
not lead dust control. Previous investigators have found
lead education to be less effective as a primary
(Lanphear et al., 1999) than as a secondary prevention
strategy (i.e., reducing dust and blood lead levels
in homes of already lead poisoned children) (Charney
et al., 1983).
We also failed to observe a decrease in hazard levels in

relation to occupant’s HEPA vacuum use. Unfortu-
nately, our measure (i.e., occupant self-reports of
changing vacuum bags) could not be independently
validated. Other limitations related to educational and
behavioral interventions include the fact that represen-
tatives from 1/3 of the dwellings in our sample were
unable to attend formal training sessions (despite
repeated attempts to schedule sessions at potential
participants’ convenience) and that informal, in-home
training on IPM was not evaluated. Further research is
needed to develop validated measures of behavioral
change, such as housekeeping practices. Additional
studies are also needed to determine which interven-
tions, in what combinations, and at what intervals work
best to maintain hazard reductions over the long term.
Such investigations should be designed to compare the
effectiveness of various approaches to education (e.g.,
individual and group, professional and peer-led),
remediation (e.g., dwelling unit vs. building- vs. com-
munity-wide remediation), and providing on-going
assistance to tenants and landlords in maintaining their
properties. Also, more research is needed on remedia-
tion effectiveness at the microenvironmental level. Our
reported hazard measures were based on dwelling unit
averages, while many of our interventions were room-
and component-specific. This was based on an implicit
assumption that specific remediation strategies (e.g.,
cleaning) would result in unit-wide improvements;
however, we did not have empirical data with which to
test this assumption. Most visible mold and cleaning
occurred in bathrooms. IPM focused on kitchens. Yet
allergen sampling was conducted in several rooms and
the results were averaged together. While there is
evidence that dust lead levels collected from kitchens,
bedrooms and play areas are generally not distinct from
each other (The National Center for Healthy Housing,
University of Cincinnati Department of Environmental
Health, 2004), cockroach and mold levels can sometimes
vary, owing to variations in food and water sources
(Abe et al., 1996; Arbes et al., 2003). Due to funding and
timing constraints, our pilot study did not contain a
control group, nor did it account for seasonal varia-
bility, a factor that has been shown to affect airborne
fungal, Bla g1, and lead dust levels—all higher in
summer and lower in winter (Chao et al., 2002; Chew
et al., 1999; Yiin et al., 2000).
In spite of these limitations, the overall results

indicate that a low-tech multistrategy comprehensive
approach to hazard remediation is highly feasible and
effective and that improvements can be maintained.
Further research is need to clarify the most effective
educational and behavioral interventions, the optimal
intervention methods and frequency, and the most
efficient sampling strategies, with the ultimate goal of
strengthening community capacity to maintain safe
housing over the long run.
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